2. We developed a conceptual model of the requirements for the evolution of serotiny,
24
and propose that serotiny is only expressed in the presence of a woody rachis as 25 supporting structure, compact scales covering seeds as protective structure, seed wing 26 as dispersal structure, and crown fire as the agent of selection and mechanism for seed 27 release. This model is strongly supported by empirical data for modern ecosystems. Where: A 1 = 1 for the presence of secondary xylem in the rachis as supportive structure, Table S2 ). We used BEAST v2.1.0 to estimate phylogeny and divergence times under a strict flammable gases that are ignited by the spark leading to flaming combustion of the samples.
269
The amount of energy released from each sample was measured as a function of time, while 270 flame height is known to be to be a function of heat release rate (Quintiere 1998 a highly significant overall fit of the serotiny model with P < 0.0001 (Table 1) .
290
The timing of divergence and overall topology of the phylogeny including 66 conifer genera (Fig. 2) .
297
The early conifers had a woody supportive rachis, and a compact cone with bracts/scales 298 covering the seeds that were winged, all with a posterior probability of P > 0.90, implying Fig. 3 ).
308
Ancestral-type, scale-leaved morphologies have higher peak heat release rates than a 'modern', 309 needle-leaved conifers (Fig. 4) . The scale-leaf morphologies burnt with a rapid release of heat 310 that typically also quickly consumed the fuel, while the needle-leaf morphologies either 311 generated a burn of sustained duration with slow heat release or a low amount of heat release 312 compared with the scale-leaved conifers (Fig. 4) 
384
It is interesting to relate this interpretation to the six evolutionary scenarios proposed by (Fig. 4) . Thus, we view serotiny evolving through the Paleozoic as essentially a Our own analysis (Fig. 3C) indicates that woody scales appeared later than non-woody reason to believe that the vast area currently covered by pine forests was any different.
517
Keeley (2012) has postulated that conifers migrated to drier, and hence more fire-prone,
518
uplands at that time. We conclude that conifers, and other fire-adapted clades, were still 519 subjected to fire during the early Eocene, and that serotiny would have remained adaptive.
520
Overall, the evolution of woody cones and winged seeds in conifers has been shaped by 
